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(57) ABSTRACT

In a vehicle lamp control device, a control unit is configured
to a) hold a road surface angle reference value and a vehicle
posture angle reference value in a volatile manner, b) generate
an optical axis adjusting signal using a vehicle posture angle
in response to variation in a total angle during the stop of the
vehicle, ¢) avoid generating or outputting the optical axis
adjusting signal or output an optical axis holding signal, and
hold aroad surface angle as a new reference value, in response
to variation in the total angle during travelling of the vehicle.
The control unit, in response to receiving the turn-oft signal of
the switch, d-1) writes at least the road surface angle reference
value in the storage unit or continues to execute the step (c)
while delaying the step (d-1).

5 Claims, 6 Drawing Sheets
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VEHICLE LAMP CONTROL DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Application No. 2013-239781, filed on Nov. 20, 2013, the
entire contents of which are hereby incorporated by refer-
ence.

BACKGROUND

1. Technical Field

The present invention relates to a vehicle lamp control
device. More particularly, the present invention relates to a
vehicle lamp control device used in automobiles or the like.

2. Description of the Related Art

Conventionally, there is known an auto-leveling control
which automatically adjusts a position of an optical axis of'a
vehicle headlamp according to an inclination angle of a
vehicle and changes an irradiation direction of the headlamp.
Generally, in the auto-leveling control, a position of an optical
axis of a headlamp is adjusted on the basis of a pitch angle of
a vehicle derived from an output value of a vehicle height
sensor. On the contrary, JP-A-2012-030782 and JP-A-2012-
030783 disclose a vehicle lamp control device in which an
auto-leveling control is performed using an inclination sensor
such as an acceleration sensor.

In the case of using an inclination sensor such as an accel-
eration sensor, a gyro sensor (an angular velocity sensor and
an angular acceleration sensor) and a geomagnetic sensor, an
auto-leveling system can be made in a less expensive manner
and it is possible to reduce the weight of the auto-leveling
system, as compared with the case of using a vehicle height
sensor. As a result, it is possible to reduce the weight and cost
of'a vehicle. On the other hand, even in the case of using the
inclination sensor such as the acceleration sensor, there is a
demand to execute the auto-leveling control with high accu-
racy.

The present inventors have intensively studied in order to
achieve the high accuracy of an auto-leveling control. As a
result, the present inventors have recognized that there is
room for improvements in terms of the higher accuracy of the
auto-leveling control in a conventional vehicle lamp control
device.

SUMMARY OF THE INVENTION

One of aspects of the present invention is to provide a
technology that is capable of improving the accuracy of an
auto-leveling control of a vehicle lamp.

According to one or more aspects of the present invention,
there is provided a vehicle lamp control device comprising:

areceiver configured to receive an output value of an incli-
nation sensor, an output value of a vehicle speed sensor and a
signal indicating turn-on/off of a switch of a power supply
configured to supply power to the control device,

wherein the inclination sensor is configured to derive a
total angle including a road surface angle and a vehicle pos-
ture angle, and the total angle is an inclination angle of a
vehicle to a horizontal plane, the road surface angle is an
inclination angle of a road surface to the horizontal plane and
the vehicle posture angle is an inclination angle of the vehicle
to the road surface;

a control unit configured to control an optical axis of a
vehicle lamp; and
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a storage unit configured to store a road surface angle
reference value and a vehicle posture angle reference value in
a non-volatile manner,

The control unit is configured to: a) hold the road surface
angle reference value and the vehicle posture angle reference
value in a volatile manner, b) generate an optical axis adjust-
ing signal using the vehicle posture angle, which is obtained
from the total angle and the held road surface angle reference
value and hold the obtained vehicle posture angle as a new
reference value, in response to variation in the total angle
during the stop of the vehicle; ¢) avoid generating or output-
ting the optical axis adjusting signal or output an optical axis
holding signal, and hold the road surface angle, which is
obtained from the total angle and the held vehicle posture
angle reference value, as a new reference value, in response to
variation in the total angle during travelling of the vehicle;
and d) in response to receiving the turn-off signal of the
switch, d-1) if the output value of the vehicle speed sensor
received before the turn-off of the switch is a value indicating
the stop of the vehicle, write at least the road surface angle
reference value of the held road surface angle reference value
and the held vehicle posture angle reference value in the
storage unit, d-2) if the received output value of the vehicle
speed sensor is a value indicating the travel of the vehicle or
a value indicating abnormality of the vehicle speed sensor or
if the output value of the vehicle speed sensor is not received
at least within a predetermined time before receiving the
turn-off signal, continue to execute the step (c) while delaying
the step (d-1). According to this aspect, it is possible to
improve the accuracy of the auto-leveling control of the
vehicle lamp.

According to one or more aspects of the present invention,
in response to receiving the turn-off signal of the switch, the
control unit is further configured to determine whether to
execute or delay the step (d-1) based on the output value of the
inclination sensor, if the received output value of the vehicle
speed sensor is a value indicating the travel of the vehicle or
a value indicating abnormality of the vehicle speed sensor or
if the output value of the vehicle speed sensor is not received
at least within a predetermined time before receiving the
turn-off signal.

The control unit is further configured to execute the step
(d-1) if variation per unit time of the output value of the
inclination sensor is a threshold or less.

According to these aspects, it is possible to improve the
accuracy of the auto-leveling control of the vehicle lamp.

According to one or more aspects of the present invention,
in response to receiving the turn-off signal of the switch, the
control unit is further configured to:

write, in the storage unit, abnormality information indicat-
ing abnormality of the vehicle speed sensor, if the received
output value of the vehicle speed sensor is a value indicating
abnormality of the vehicle speed sensor or if the output value
of the vehicle speed sensor is not received at least within a
predetermined time before receiving the turn-off signal, and

output the abnormality information in response to receiv-
ing the turn-on signal of the switch or in response to a request
from an external device.

According to this aspect, it is possible to notify abnormal-
ity of'a vehicle to a driver or a repair person.

According to one or more aspects of the present invention,
the control unit is further configured to maintain the supply of
power from the power supply in the turn-off state of the
switch. According to this aspect, it is possible to more reliably
execute a non-volatile storage of a reference value after
switching off.
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A proper combination of respective parts described above
can be also included in the scope of the invention to be
protected by the present patent application.

According to the present invention, it is possible to provide
a technology that is capable of improving the accuracy of an
auto-leveling control of a vehicle lamp.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic vertical sectional view of a headlamp
unit including a vehicle lamp that is to be controlled by a
control ECU according to an illustrative embodiment;

FIG. 2 is a functional block diagram for explaining an
operational linkage of the headlamp unit and the control
ECU;

FIG. 3 is a schematic view for explaining an acceleration
vector that occurs in a vehicle and an inclination angle of a
vehicle that can be detected by an inclination sensor;

FIG. 4A is a time chart showing the time variation of
supply power in a control ECU according to a comparative
example;

FIG. 4B is atime chart showing the time variation of supply
power in the control ECU according to the illustrative
embodiment;

FIG. 5 is a flowchart showing an example of an auto-
leveling control that is executed by the control ECU accord-
ing to the illustrative embodiment; and

FIG. 6 is a flowchart showing an example of an auto-
leveling control that is executed by the control ECU accord-
ing to the illustrative embodiment.

DETAILED DESCRIPTION

Hereinafter, a preferred embodiment of the present inven-
tion will be described with reference to the drawings. The
same or similar elements, members and process shown in
each of the drawings are denoted by the same or similar
reference numerals and a duplicated description thereof will
be properly omitted. Further, the embodiment is illustrative
and not intended to limit the present invention. It should be
noted that all the features and their combinations described in
the embodiment are not necessarily considered as an essential
part of the present invention.

FIG. 1 is a schematic vertical sectional view of a headlamp
unit 210 including a vehicle lamp that is an object to be
controlled by a control ECU according to an illustrative
embodiment. The headlamp unit 210 has a structure in which
each of a pair of headlamp units formed in bilateral symmetry
is arranged on the left and right sides in a vehicle width
direction of a vehicle. A right headlamp unit 210R and a left
headlamp unit 2101 have substantially the same structure.
Accordingly, in the following, a structure of the right head-
lamp unit 210R will be described. The right headlamp unit
210R includes a lamp body 212 having an opening on the
front side of a vehicle and a translucent cover 214 to cover the
opening. The lamp body 212 includes a removable cover
212a on the rear side of the vehicle. A lamp chamber 216 is
formed by the lamp body 212 and the translucent cover 214.
A lamp unit 10 as a vehicle lamp is accommodated in the lamp
chamber 216.

The lamp unit 10 is formed with a lamp bracket 218 having
a pivot mechanism 218a that is a pivot center in the vertical
direction ofthe lamp unit 10. The lamp bracket 218 is screwed
with an aiming adjustment screw 220 which is supported by
the lamp body 212. A rotation shaft 2224 of a swivel actuator
222 is fixed to a lower surface of the lamp unit 10. The swivel
actuator 222 is fixed to a unit bracket 224. A leveling actuator
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4

226 is connected to the unit bracket 224. The leveling actuator
226 is configured by, e.g., a motor or the like to extend and
retract a rod 226q in directions of arrows M, N. The lamp unit
10 has a rearward tilted posture or a forward tilted posture
according to the extension and retraction in the directions of
arrows M, N of'the rod 226a. Thereby, itis possible to execute
aleveling adjustment which directs a pitch angle of an optical
axis O upward or downward.

The lamp unit 10 includes a shade mechanism 18 having a
rotation shade 12, a light source 14, a lamp housing 17 to
support a reflector 16 on an inner wall thereof'and a projection
lens 20. As the light source 14, an incandescent bulb, a halo-
gen lamp, a discharge bulb, an LED or the like can be used. At
least a portion of the reflector 16 has an ellipse spherical
shape. The reflector 16 is adapted to reflect the light emitted
from the light source 14. The light emitted from the light
source 14 and light reflected by the reflector 16 are partially
directed to the projection lens 20 via the rotation shade L. The
rotation shade 12 is a cylindrical member rotatable about a
rotation shaft 124 and includes a cutout portion and a plurality
of shade plates (not shown). One of the shade plates or the
cutout portion moves on the optical axis O, thereby forming a
predetermined light distribution pattern. The projection lens
20 is configured by a plano-convex aspheric lens. The pro-
jection lens 20 projects a light source image formed on a rear
focal plane thereof, as an inverted image, on a virtual vertical
screen ahead of the lamp.

FIG. 2 is a functional block diagram for explaining an
operational linkage of the headlamp unit and the control
ECU. In FIG. 2, the right headlamp unit 210R and the left
headlamp unit 210L are collectively shown as the headlamp
unit 210. Further, a control ECU 100 has a hardware configu-
ration that is realized by circuits and elements including a
memory and CPU of a computer and a software configuration
that is realized by a computer program or the like. However,
in FIG. 2, the control ECU 100 is properly indicated as func-
tional blocks which are realized by the cooperation of the
hardware configuration and the software configuration. It will
be obvious to those skilled in the art that these functional
blocks can be realized in various forms by combinations of
hardware and software.

The control ECU 100 as a vehicle lamp control device
includes an input interface 102, a CPU 104, an output inter-
face 106, a storage unit 108, a switch circuit 110, a control
power supply circuit 112 and an IG monitor 114. For
example, the control ECU 100 is installed in the vicinity of a
dashboard of a vehicle 300. An installation position of the
control ECU 100 is not particularly limited. For example, the
control ECU 100 may be provided in the headlamp unit 210.

The input interface 102 is connected to a light switch 304
and a vehicle speed sensor 312 or the like. Signals outputted
from the light switch 304 and the vehicle speed sensor 312 are
inputted to the control ECU 100 through the input interface
102. The inputted signals are transmitted to the CPU 104 from
the input interface 102.

The CPU 104 includes an inclination sensor 116, a receiver
118, a control unit 120, a transmitter 122 and a RAM 124.

The receiver 118 receives various signals inputted to the
control ECU 100 through the input interface 102. The signal
also includes an output value of the vehicle speed sensor 312.
Further, the receiver 118 receives a signal outputted from the
IG monitor 114 and the inclination sensor 116. The signal
received by the receiver 118 is transmitted to the control unit
120. The control unit 120 controls the optical axis O of the
lamp unit 10 using the output value of the inclination sensor
116. The control unit 120 includes an adjustment instructing
unit 1202, areference value writing unit 1204, a vehicle travel
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determining unit 1206, a power supply maintaining unit
1208, a stop instruction signal generator 1210 and an abnor-
mality information generator 1212.

The control unit 120 generates pitch angle information of
the vehicle 300 using the output value of the inclination
sensor 116 and, as necessary, information stored in the RAM
124 or the storage unit 108. Then, the control unit 120 gen-
erates an optical axis adjusting signal to instruct the adjust-
ment of the optical axis O by using the obtained pitch angle
information. Further, the control unit 120 generates a control
signal to instruct the turning on/off of the lamp unit 10, or a
control signal to instruct the switching of the switch circuit
110, etc. Operation of each unit included in the control unit
120 will be described in detail later.

The RAM 124 is a volatile memory for temporarily storing
the information used in the control executed by the control
unit 120. The RAM 124 temporarily stores information trans-
mitted from the control unit 120 and information called from
the storage unit 108. The control unit 120 holds a road surface
angle reference value and a vehicle posture angle reference
value (to be described later) in a volatile manner using the
RAM 124. Further, the output values of the vehicle speed
sensor 312 are repeatedly sent to the control ECU 100 in a
predetermined timing and stored in the RAM 124. A power
supply of the vehicle speed sensor 312 is a so-called ignition
power supply. The vehicle speed sensor 312 is adapted to
output a detected value when an ignition switch 326 is turned
on and to stop outputting the detected value when the ignition
switch 326 is turned off. The storage unit 108 is a non-volatile
memory for storing, in a non-volatile manner, various infor-
mation including the road surface angle reference value and
vehicle posture angle reference value.

Upon receiving various signals from the control unit 120,
the transmitter 122 transmits the received signals to the output
interface 106. Further, the transmitter 122 transmits a switch-
ing signal to instruct the switching of the switch circuit 110 to
the switch circuit 110. The output interface 106 is connected
to a power supply circuit 230 and a leveling actuator 226 of
the headlamp unit 210.

The optical axis adjusting signal or turning on/off instruct-
ing signal generated by the control unit 120 is outputted to the
power supply circuit 230 or the leveling actuator 226 of the
headlamp unit 210 through the output interface 106. The
leveling actuator 226 is driven by receiving the optical axis
adjusting signal, so that the optical axis O of the lamp unit 10
is adjusted for the pitch angle orientation. Further, the power
supply circuit 230 executes the turn on/off of the light source
14 based on the turning on/off instructing signal received.

A battery 328 and the ignition switch 326 are mounted on
a vehicle. With the turn on/off of the ignition switch 326, the
supply or non-supply of power from the battery 328 to the
control ECU 100 can be switched. Namely, the ignition
switch 326 functions as a switch of a power supply for sup-
plying power to the control ECU 100. The switch circuit 110
connects the battery 328 and the control power supply circuit
112 to each other. The switch circuit 110 includes a switch
1102 and an OR circuit 1104. Upon receiving, from the OR
circuit 1104, a switch switching instruction signal (hereinaf-
ter, suitably referred to as “High level signal”) which is set to
High level, the switch 1102 is turned on. Upon receiving,
from the OR circuit 1104, a switch switching instruction
signal (hereinafter, suitably referred to as “Low level signal™)
which is set to Low level, the switch 1102 is turned off. Signal
from the IG monitor 114 or the CPU 104 is inputted from the
OR circuit 1104.

The IG monitor 114 monitors the turn on/off state of the
ignition switch 326. When the ignition switch 326 is turned
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6

on, the IG monitor 114 transmits High level signal (signal
indicating the turn on of the ignition switch 326) to the
receiver 118 and the OR circuit 1104. Further, when the
ignition switch 326 is turned off, the IG monitor 114 transmits
Low level signal (signal indicating the turn off of the ignition
switch 326; off signal) to the receiver 118 and the OR circuit
1104. The IG monitor 114 can monitor the turn on/off of the
ignition switch 326 by receiving the signal indicating the on
state or off state from the ignition switch 326, for example.
Alternatively, the IG monitor 114 can monitor the turn on/off
of' the ignition switch 326 by monitoring ignition voltage. In
this case, the IG monitor 114 determines the turn off of the
ignition switch 326, for example, when the ignition voltage
falls below a threshold or the ignition voltage is O V.

When the High level signal is transmitted to the switch
1102 through the OR circuit 1104 from the IG monitor 114 in
a state where the ignition switch 326 is turned on, the switch
1102 is turned on and the battery 328 and the control power
supply circuit 112 are connected to each other. In this way,
power is supplied to the control power supply circuit 112 from
the battery 328. Alternatively, when the High level signal is
transmitted to the switch 1102 through the OR circuit 1104
from the control unit 120 by the control described later, simi-
larly, the switch 1102 is turned on and power is supplied to the
control power supply circuit 112 from the battery 328. The
control power supply circuit 112 supplies the CPU 104 with
the power supplied from the battery 328. When the Low level
signal is transmitted to the switch 1102 from the IG monitor
114 and the control unit 120, the switch 1102 is turned off and
connection between the battery 328 and the control power
supply circuit 112 is released. In this way, supply of power
from the battery 328 to the CPU 104 is stopped.

The control ECU 100 determines the light distribution
pattern to be formed by the headlamp unit 210, depending on
the operation content of the light switch 304 by a driver.
Further, the control ECU 100 may be automatically con-
trolled so as to form a light distribution pattern optimal to a
state of a vehicle detected by various sensors, irrespective of
the operation of the light switch 304. The automatic control of
formation of the light distribution pattern is executed when
the automatic control of formation of the light distribution
pattern is instructed by the light switch 304, for example.

Subsequently, an auto-leveling control by the control ECU
100 having the above-described configurations will be
described in detail. FIG. 3 is a schematic view for explaining
an acceleration vector that occurs in a vehicle and an inclina-
tion angle of a vehicle that can be detected by the inclination
sensor.

For example, when luggage is placed on a luggage room in
a rear portion of a vehicle or a passenger exists at a rear seat,
the vehicle has a rearward tilted posture. When luggage is
unloaded from a luggage room or a passenger in a rear seat
gets off, the posture of the vehicle changes from the state of
the rearward tilted posture to the state of a forward tilted
posture. When the vehicle has the rearward tilted posture or
the forward tilted posture, the irradiation direction of the lamp
unit 10 also fluctuates up and down and therefore the forward
irradiation distance becomes longer or shorter. Accordingly,
the control ECU 100 derives an inclination angle in a pitch
direction of a vehicle or variation thereof from the output
value of the inclination sensor 116 and causes a pitch angle
(hereinafter, suitably referred to as “optical axis angle 680”) of
the optical axis O to have an angle corresponding to the
posture of the vehicle. By carrying out an auto-leveling con-
trol where the leveling adjustment of the lamp unit 10 is
executed in real time on the basis of the posture of the vehicle,
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it is possible to optimally adjust the reachable distance of the
forward irradiation even when the posture of the vehicle
changes.

In the present embodiment, the inclination sensor 116 is
configured by an acceleration sensor. For example, the incli-
nation sensor 116 is a three-axis acceleration sensor having X
axis, Y axis and Z axis, which are orthogonal to each other.
The inclination sensor 116 is mounted to the vehicle 300 at an
arbitrary posture and detects an acceleration vector occurring
in the vehicle 300. Motion acceleration due to the movement
of'the vehicle 300 and gravitational acceleration occur in the
vehicle 300 during travelling. Therefore, the inclination sen-
sor 116 can detect a synthesized acceleration vector [} of a
gravitational acceleration vector G and a motion acceleration
vector a, as shown in FIG. 3. Further, the inclination sensor
116 can detect the gravitational acceleration vector G while
the vehicle 300 is stopped. The inclination sensor 116 outputs
numerical values of each axis component of the detected
acceleration vector. Numerical values of each of X axis com-
ponent, Y axis component and 7 axis component outputted
from the inclination sensor 116 are converted into the longi-
tudinal axis component, horizontal axis component and ver-
tical axis component of the vehicle 300 by the CPU 104.
Accordingly, it is possible to derive the longitudinal accelera-
tion, horizontal acceleration and vertical acceleration of the
vehicle from the output values of the inclination sensor 116.

From the detected values of the inclination sensor 116
during the stop of the vehicle, inclination of the vehicle 300
relative to the gravitational acceleration vector G can be
derived. Namely, from the output values of the inclination
sensor 116, it is possible to derive a total angle 6 including a
road surface angle 6r and a vehicle posture angle 6v. Here, the
road surface angle Or is an inclination angle of a road surface
to the horizontal plane, the vehicle posture angle 0v is an
inclination angle of the vehicle to the road surface and the
total angle 0 is an inclination angle of the vehicle to the
horizontal plane. The road surface angle Or, the vehicle pos-
ture angle 6v and the total angle 0 are angles in the pitch
direction of the vehicle 300.

On the other hand, an object of the auto-leveling control is
to optimally maintain the forward reaching distance of the
irradiation light by absorbing variation in the forward irradia-
tion distance of the vehicle lamp according to variation in the
inclination angle in the pitch direction of the vehicle. Accord-
ingly, an inclination angle of the vehicle that is required for
the auto-leveling control is the vehicle posture angle 6v.
Namely, in the auto-leveling control, it is desired that the
position of the optical axis of the lamp unit 10 is adjusted
when the vehicle posture angle 6v is varied and the position of
the optical axis of the lamp unit 10 is maintained when the
road surface angle Or is varied.

Accordingly, the control ECU 100 of the present embodi-
ment estimates variation in the total angle 6 during the stop of
the vehicle as variation in the vehicle posture angle 6v and
estimates variation in the total angle 6 during travelling of the
vehicle as variation in the road surface angle 6r. During trav-
elling of the vehicle, there is almost no case that the number
of passengers or the amount of loading luggage increases or
decreases and therefore the vehicle posture angle v is varied.
Accordingly, it is possible to estimate the variation in the total
angle 0 during travelling of the vehicle as the variation in the
road surface angle Or. On the other hand, during the stop of the
vehicle, there is almost no case that the vehicle 300 moves and
therefore the road surface angle Or is varied. Accordingly, it is
possible to estimate the variation in the total angle 6 during
the stop of the vehicle as the variation in the vehicle posture
angle Ov.
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Then, the adjustment instructing unit 1202 of the control
ECU 100 executes the adjustment of the optical axis with
respect to the variation in the total angle 0 during the stop of
the vehicle and avoids the adjustment of the optical axis with
respect to the variation in the total angle 6 during travelling of
the vehicle. The adjustment instructing unit 1202 can avoid
the adjustment of the optical axis by avoiding the generation
or output of an optical axis adjusting signal or outputting an
optical axis holing signal to instruct the holding of the optical
axis.

Specifically, first, in a manufacturing plant or the like of a
vehicle manufacturer, a reference state where the vehicle 300
is placed on a horizontal plane is obtained. Then, an initial-
izing signal is transmitted to the control ECU 100 by switch
operation of an initialization processing device or communi-
cation of a CAN (Controller Area Network) system, or the
like. Upon receiving the initializing signal, the control unit
120 starts an initial aiming adjustment and adjusts the optical
axis O of the lamp unit 10 to an initial setting position.
Further, the control unit 120 holds the output value of the
inclination sensor 116 in the reference state by storing the
output value as a road surface angle reference value (6r=0°)
and a vehicle posture angle reference value (6v=0°) in the
RAM 124. Further, the control unit 120 writes these reference
values in the storage unit 108, as necessary.

(Control while Ignition Switch is Turned on)

In a situation where the vehicle 300 is actually used, the
adjustment instructing unit 1202 of the control unit 120
executes a processing during vehicle travel indicated below
while the vehicle travels. Namely, in the processing during
vehicle travel, the adjustment instructing unit 1202 avoids the
adjustment of the optical axis with respect to variation in the
total angle 6 during travelling of the vehicle. Further, when
the vehicle is stopped, the adjustment instructing unit 1202
holds, as a new reference value, the road surface angle 6r
which is obtained from the total angle 8 and the vehicle
posture angle reference value held therein. Specifically, the
adjustment instructing unit 1202 obtains the road surface
angle Or by subtracting the vehicle posture angle reference
value stored in the RAM 124 from the current total angle 6.
Then, as a new reference value, the obtained road surface
angle Or is stored in the RAM 124. In this way, the variation
in the total angle 6 during travelling of the vehicle, which is
estimated as the variation in the road surface angle Or, is
incorporated into a road surface angle reference value. The
adjustment instructing unit 1202 may calculate a new road
surface angle reference value by calculating difference in the
total angle 0 before and after travelling when the vehicle is
stopped and then including the difference in the road surface
angle reference value. Further, the adjustment instructing unit
1202 may repeatedly update the road surface angle reference
value in a predetermined timing during travelling of the
vehicle, instead of or in addition to when the vehicle is
stopped.

While the vehicle is stopped, the adjustment instructing
unit 1202 executes a processing during vehicle stop indicated
below. Namely, in the processing during vehicle stop, the
adjustment instructing unit 1202 repeatedly calculates the
vehicle posture angle 0v in a predetermined timing. The
adjustment instructing unit 1202 generates an optical axis
adjusting signal using the total angle 8 and the vehicle posture
angle 0v obtained from the road surface angle reference value
held therein, with respect to variation in the total angle 0
during the stop of the vehicle and holds the obtained vehicle
posture angle 6v as a new reference value.

Specifically, the adjustment instructing unit 1202 obtains
the vehicle posture angle 6v by subtracting the road surface
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angle reference value stored in the RAM 124 from the current
total angle 0. Then, as a new reference value, the obtained
vehicle posture angle 0v is stored in the RAM 124. In this
way, the variation in the total angle 6 during the stop of the
vehicle, which is estimated as the variation in the vehicle
posture angle 8v, is incorporated into a vehicle posture angle
reference value. The adjustment instructing unit 1202 may
calculate a new vehicle posture angle reference value by, e.g.,
calculating difference between the total angle 6 previously
detected and the current total angle 6 and then including the
difference in the vehicle posture angle reference value. Then,
the adjustment instructing unit 1202 generates an optical axis
adjusting signal using the obtained vehicle posture angle 6v
or the updated vehicle posture angle reference value. For
example, the adjustment instructing unit 1202 determines an
optical axis angle Bo using a conversion table where the
vehicle posture angle 0v stored, in advance, in the storage unit
108 is associated with the optical axis angle 8o. The generated
optical axis adjusting signal is transmitted to the leveling
actuator 226 from the transmitter 122, so that the optical axis
O is adjusted to the determined optical axis angle 6o by the
driving of the leveling actuator 226.

It can be determined from a vehicle speed obtained by, e.g.,
the vehicle speed sensor 312 whether the vehicle is travelling
or stopped. For example, the “during travelling of the vehicle”
refers to a time period from the time when the detection value
of'the vehicle speed sensor 312 exceeds zero to the time when
the detection value of the vehicle speed sensor 312 becomes
zero. For example, the “when the vehicle is stopped” refers to
the time when the output value of the inclination sensor 116 is
stabilized after the detection value of the vehicle speed sensor
312 becomes zero. Here, the “stabilized time” may refer to the
time when variation per unit time of the output value of the
inclination sensor 116 is equal to or less than a predetermined
amount or the time when a predetermined time (e.g., one to
two seconds) has lapsed from the time when the detected
value of the vehicle speed sensor 312 becomes zero. For
example, the “during the stop of the vehicle” refers to a time
period from the time when the output value of the inclination
sensor 116 is stabilized (when the vehicle is stopped) to the
time when the output value of the vehicle speed sensor 312
exceeds zero. The “during travelling of the vehicle,” “when
the vehicle is stopped,” “predetermined amount,” “predeter-
mined time” and “during the stop of the vehicle” can be
properly set on the basis of an experiment or simulation by a
planner.

(Control when Ignition Switch is Shifted to Turn-Off State)

The control unit 120 is driven by the power supplied from
the battery 328. Therefore, when the ignition switch 326 is
turned off and therefore the supply of power from the battery
328 is stopped, the road surface angle reference value and the
vehicle posture angle reference value, which are stored in the
RAM 124, are erased. For this reason, when the ignition
switch 326 is shifted to a turn-off state, the reference value
writing unit 1204 executes a reference value storage process-
ing where the road surface angle reference value and the
vehicle posture angle reference value, which are stored in the
RAM 124, are written in the storage unit 108 that is a non-
volatile memory. In this way, the control ECU 100 can hold
the reference values of the vehicle posture angle 6v and the
road surface angle Br even when the ignition switch 326 is
turned off and the supply of power from the battery 328 is
stopped.

Now, a method of supplying the power required for the
operation of the reference value writing unit 1204 will be
described. FIG. 4A is a time chart showing the time variation
of'supply power in a control ECU according to a comparative
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example. FIG. 4B is a time chart showing the time variation of
supply power in the control ECU according to the illustrative
embodiment. In FIG. 4A and FIG. 4B, the vertical axis indi-
cates the power supply voltage (V) and the horizontal axis
indicates the time (t).

As described above, the reference value writing unit 1204
writes the road surface angle reference value and the vehicle
posture angle reference value in the storage unit 108 after the
turn-off state of the ignition switch 326 is detected. Mean-
while, when the ignition switch 326 is turned off;, the turn-on
state of the switch 1102 held by the High level signal from the
IG monitor 114 is released. Therefore, the supply of power
from the battery 328 to the control unit 120 is stopped and the
writing operation of the reference value writing unit 1204 is
also stopped. Accordingly, it is necessary to secure the power
required for the writing operation of the reference value writ-
ing unit 1204 from the time when the turn-off state of the
ignition switch 326 is detected to the time when the writing
operation of the reference value writing unit 1204 is ended.

It is conceivable that the power is obtained by the power
supplied from the battery 328 from the time when, for
example, the ignition switch 326 is turned off to the time
when the switch 1102 is turned off and thus the supply of
power from the battery 328 is stopped and the power supplied
from an electricity storage element (not shown) such as a
capacitor provided around the battery 328 or in the control
EUC 100. Referring to a comparative example where the
power required for the operation of the reference value writ-
ing unit 1204 is ensured in this way, the supply of power in the
control ECU ofthe comparative example is varied as shown in
FIG. 4A.

Specifically, it is assumed that the turn-off state of the
ignition switch 326 is detected at time t, and the voltage when
the turn-off state of the ignition switch 326 is detected is
defined as V1. Power supply voltage gradually decreases
from the voltage V1 and reaches a drive lower-limit voltage
V2 of the reference value writing unit 1204 at time t,. Accord-
ingly, it is necessary that the reference value writing unit 1204
completes an operation to write the road surface angle refer-
ence value and the vehicle posture angle reference value
during the time period from time t, to time t,. Reduction rate
(slope of straight line) of the power supply voltage from time
t,,1.e., a length from time t, to time t, depends on the system
load of the CPU 104 or the like and the time constant of the
electricity storage element, etc.

Accordingly, in the control ECU of the comparative
example, there is a possibility that the power required for the
reference value writing unit 1204 cannot be supplied until the
wring operation of the reference value writing unit 1204 is
completed. The control ECU of the comparative example is
configured to be driven by the power supplied from the igni-
tion power supply. Accordingly, the power supply voltage in
the vertical axis of FIG. 4A is equal to the ignition voltage.
Further, the control ECU detects the turn-off state of the
ignition switch 326 when the ignition voltage falls below a
threshold voltage (in this example, when the value of the
ignition voltage is V1).

Therefore, the control ECU 100 according to the present
embodiment secures the power required for the writing opera-
tion of the reference value writing unit 1204 in the following
manner. Namely, in the control ECU 100, the power supply
maintaining unit 1208 of the control unit 120 maintains the
supply of power from the battery 328 (power supply) in a state
where the ignition switch 326 is turned off. Specifically, when
the ignition switch 326 is turned on and the High level signal
is transmitted from the IG monitor 114, the power supply
maintaining unit 1208 transmits the High level signal to the
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OR circuit 1104 through the transmitter 122. Further, the
power supply maintaining unit 1208 continues to transmit the
High level signal even when the ignition switch 326 is turned
off. In this way, the supply power in the control ECU 100 of
the present embodiment is varied as shown in FIG. 4B.

Namely, the turn-on state of the switch 1102 is maintained
by the power supply maintaining unit 1208 even after the
ignition switch 326 is turned off. Accordingly, a length from
time t1 when the turn-off state of the ignition switch 326 is
detected to time t3 when the power supply voltage reaches the
drive lower-limit voltage V2 of the reference value writing
unit 1204 can adjusted to match the time required for the
reference value writing processing. Therefore, the reference
value writing unit 1204 can more reliably write the road
surface angle reference value and the vehicle posture angle
reference value in the storage unit 108.

The power supply maintaining unit 1208 may transmit the
High level signal when the ignition switch 326 is turned off
and the Low level signal is received from the IG monitor 114,
instead of transmitting the High level signal when the ignition
switch 326 is turned on. Also in this case, it is possible to
maintain the turn-on state of the switch 1102 after the ignition
switch 326 is turned off. From the viewpoint of stabilization
of'the power supply to the control unit 120, it is preferable that
the power supply maintaining unit 1208 transmits the High
level signal along with the turn-on of the ignition switch 326.

When the road surface angle reference value and the
vehicle posture angle reference value, which are stored in the
RAM 124, are completely written in the storage unit 108, the
reference value writing unit 1204 transmits a writing comple-
tion signal to indicate the writing completion of the reference
values to the stop instruction signal generator 1210. Upon
receiving the writing completion signal, the stop instruction
signal generator 1210 generates a stop instruction signal to
instruct the stop of the power supply from the battery 328 and
transmits the stop instruction signal to the power supply
maintaining unit 1208. Upon receiving the stop instruction
signal, the power supply maintaining unit 1208 switches the
signal transmitted to the OR circuit 1104 from the High level
to the Low level. In this way, since the Low level signal is
transmitted to the OR circuit 1104 from the IG monitor 114
and the CPU 104, the switch 1102 is shifted to the turn-off
state. As a result, the supply of power from the battery 328 to
the control unit 120 is stopped. In this way, the power supply
maintaining unit 1208 stops the supply of power from the
battery 328 by receiving the stop instruction signal, so that it
is possible to suppress an increase in power consumption.

The above-described reference value storage processing is
executed assuming that the vehicle 300 is stopped when the
ignition switch 326 is shifted to the turn-off state. However, in
a situation where the vehicle 300 is actually used, there is a
possibility that the ignition switch 326 is turned off during
travelling of the vehicle. Namely, a situation where the
vehicle 300 is travelling even when the ignition switch 326 is
shifted to the turn-off state may occur. In this case, there is a
possibility that the road surface angle Or is varied after the
ignition switch 326 is shifted to the turn-off state. Accord-
ingly, when the reference value storage processing is
executed by the shifting of the ignition switch 326 into the
turn-off state, there is a possibility that variation in the road
surface angle Or after the ignition switch 326 is shifted to the
turn-off state cannot be applied to the road surface angle
reference value.

Accordingly, the control ECU 100 according to the present
embodiment executes the reference value storage processing
in the following manner. Namely, upon receiving the turn-off
signal of the ignition switch 326, the control unit 120 of the
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control ECU 100 executes the reference value storage pro-
cessing when the output value of the vehicle speed sensor 312
received before the turn-off of the switch is a value (e.g., zero)
indicating the stop of the vehicle 300. In the reference value
storage processing, the road surface angle reference value and
the vehicle posture angle reference value, which are stored in
the RAM 124, are written in the storage unit 108. Further,
when the output value of the vehicle speed sensor 312
received before the turn-off of the switch is a value (e.g., a
value greater than zero) indicating the travelling of the vehicle
300, the above-described processing during vehicle travel is
continued while the reference value storage processing is
delayed.

Specifically, when the ignition switch 326 is shifted to the
turn-off state, the IG monitor 114 transmits the Low level
signal to the control unit 120. Upon receiving the Low level
signal, the vehicle travel determining unit 1206 of the control
unit 120 determines whether the most recent output value of
the vehicle speed sensor 312 stored in the RAM 124, i.e., the
output value stored in the last is a value indicating the stop of
the vehicle 300. When the output value is a value indicating
the stop ofthe vehicle 300, the vehicle travel determining unit
1206 transmits a vehicle stop signal indicating the stop of the
vehicle 300 to the reference value writing unit 1204 and the
adjustment instructing unit 1202. Upon receiving the Low
level signal and the vehicle stop signal, the adjustment
instructing unit 1202 stops the processing during vehicle
travel. Upon receiving the Low level signal and the vehicle
stop signal, the reference value writing unit 1204 executes the
reference value storage processing and writes, in the storage
unit 108, the road surface angle reference value and the
vehicle posture angle reference value, which are stored in the
RAM 124.

When the output value is a value indicating the travelling of
the vehicle 300, the vehicle travel determining unit 1206
transmits a vehicle travelling signal indicating the travelling
of'the vehicle 300 to the reference value writing unit 1204 and
the adjustment instructing unit 1202. Upon receiving the Low
level signal and the vehicle travelling signal, the adjustment
instructing unit 1202 continues to execute the processing
during vehicle travel. Upon receiving the Low level signal
and the vehicle travelling signal, the reference value writing
unit 1204 delays the execution of the reference value storage
processing. In this way, since variation in the road surface
angle Or occurring after the ignition switch 326 is shifted to
the turn-off state can be incorporated into the road surface
angle reference value, it is possible to improve the accuracy of
the auto-leveling control.

Further, when a failure of the vehicle speed sensor 312 or a
connection failure between the vehicle speed sensor 312 and
the control ECU 100 occurs, for example, while the vehicle is
travelling, the recent output value of the vehicle speed sensor
312 stored in the RAM 124 when the ignition switch 326 is
turned off is abnormal or the output value of the vehicle speed
sensor 312 at least within a predetermined time before receiv-
ing the turn-off signal is not stored in the RAM 124. Accord-
ingly, there is a possibility that it is not possible to determine
the travelling or stop of the vehicle based on the output value
of'the vehicle speed sensor 312. For this reason, also when the
received output value of the vehicle speed sensor 312 is a
value indicating the abnormality of the vehicle speed sensor
312 orthe output value of the vehicle speed sensor 312 at least
within a predetermined time before receiving the turn-off
signal is not received, the reference value writing unit 1204
continues to execute the processing during vehicle travel
while delaying the reference value storage processing. The
value indicating the abnormality of the vehicle speed sensor
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312 corresponds to, for example, a vehicle speed that cannot
be clearly achieved from the performance of the vehicle 300.
This value can be properly set by a planner. The case where
the output value of the vehicle speed sensor 312 at least within
a predetermined time before receiving the turn-off signal is
not received refers to a case where there is no the output value
that is stored in the RAM 124 till a predetermined time from
the time when the turn-off signal of the ignition switch 326 is
received. Alternatively, the above case may refer to a case
where the output value of the vehicle speed sensor 312 is not
at all stored in the RAM 124. The “predetermined time” can
be properly set on the basis of an experiment or simulation by
a planner.

Specifically, the vehicle travel determining unit 1206 trans-
mits the vehicle travelling signal to the reference value writ-
ing unit 1204 and the adjustment instructing unit 1202 even
when the received output value of the vehicle speed sensor
312 is a value indicating the abnormality of the vehicle speed
sensor 312 or the output value of the vehicle speed sensor 312
within a predetermined time before receiving the turn-off
signal is not received. In this way, the execution of the refer-
ence value storage processing is delayed and the processing
during vehicle travel is continued. As a result, since variation
in the road surface angle Or occurring after the ignition switch
326 is shifted to the turn-off state can be incorporated into the
road surface angle reference value, it is possible to improve
the accuracy of the auto-leveling control.

Further, upon receiving the turn-off signal of the ignition
switch 326, the control unit 120 determines whether to
execute or delay the reference value storage processing based
on the output value of the inclination sensor 116 when the
output value of the vehicle speed sensor 312 received before
the turn-off of the switch is a value indicating the travelling of
the vehicle 300 or a value indicating the abnormality of the
vehicle speed sensor 312 or when the output value of the
vehicle speed sensor 312 within a predetermined time is not
received. In the present embodiment, the control unit 120
determines that the vehicle 300 is stopped when variation per
unit time of the output value of the inclination sensor 116 is
equal to or less than a threshold and then executes the refer-
ence value storage processing. The threshold can be properly
set by a planner and may be the same as the reference in the
above-described “stabilized time,” for example. Further, this
threshold is stored, for example, in the storage unit 108.

Specifically, the vehicle travel determining unit 1206 trans-
mits the vehicle travelling signal and determines whether or
not variation per unit time of the output value of the inclina-
tion sensor 116 is equal to or less than a threshold when the
output value of the vehicle speed sensor 312 received before
the turn-off of the switch is a value indicating the travelling of
the vehicle 300 or a value indicating the abnormality of the
vehicle speed sensor 312 or when the output value of the
vehicle speed sensor 312 is not received within a predeter-
mined time. Generally, there is a high possibility that getting
off of a passenger from the vehicle 300, etc., can be executed
when the vehicle 300 is stopped immediately after the igni-
tion switch 326 is turned off. In this case, the posture of the
vehicle 300 is liable to be changed. Further, there is also a
possibility that the ignition switch 326 immediately returns to
the turn-on state from the turn-off state due to the abnormality
of'a power supply system including the ignition switch 326.
Therefore, the determination is executed when a predeter-
mined time has elapsed from the reception of the Low level
signal. The “predetermined time” can be properly set on the
basis of an experiment or simulation by a planner.

When variation in the output value of the inclination sensor
116 exceeds a threshold, the vehicle travel determining unit
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1206 transmits the vehicle travelling signal to the reference
value writing unit 1204 and the adjustment instructing unit
1202. Thereby, the execution of the reference value storage
processing is delayed and the processing during vehicle travel
is continued. When variation in the output value of the incli-
nation sensor 116 is equal to or less than a threshold, the
vehicle travel determining unit 1206 transmits the vehicle
stop signal to the reference value writing unit 1204 and the
adjustment instructing unit 1202. As a result, the processing
during vehicle travel is stopped and the reference value stor-
age processing is executed. When updating of the road sur-
face angle reference value is the processing during vehicle
travel that is executed while the vehicle is stopped, the refer-
ence value writing unit 1204 updates the road surface angle
reference value and then stops the processing during vehicle
travel when receiving the vehicle stop signal based on the
output value of the inclination sensor 116 from the vehicle
travel determining unit 1206.

Since the inclination sensor 116 is provided in the CPU
104, the supply of power is maintained even when the ignition
switch 326 is shifted to the turn-off state and therefore the
detected value can be continuously transmitted to the control
unit 120.

Further, upon receiving the turn-oft signal of the ignition
switch 326, the control unit 120 writes abnormality informa-
tion indicating abnormality of the vehicle speed sensor 312 in
the storage unit 108 when the received output value of the
vehicle speed sensor 312 is a value indicating the abnormality
of the vehicle speed sensor 312 or the output value of the
vehicle speed sensor 312 within a predetermined time is not
received. Specifically, when the received output value of the
vehicle speed sensor 312 is a value indicating the abnormality
of the vehicle speed sensor 312 or the output value of the
vehicle speed sensor 312 within a predetermined time is not
received, the vehicle travel determining unit 1206 transmits,
to the abnormality information generator 1212 of the control
unit 120, an abnormality occurrence signal indicating that the
output value of the vehicle speed sensor 312 is abnormal or
indicating that the output is not received. Upon receiving the
abnormality occurrence signal, the abnormality information
generator 1212 generates and stores the abnormality infor-
mation in the storage unit 108.

(Control when Ignition Switch is Shifted to Turn-on State)

In a state where the ignition switch 326 is turned off, there
is almost no case that the vehicle 300 moves and the road
surface angle Or is varied. Therefore, variation in the total
angle 0 from the turn off to the turn on of the ignition switch
326 can be estimated as variation in the vehicle posture angle
6v. Thus, when the ignition switch 326 is shifted to the turn-
on state, the adjustment instructing unit 1202 obtains the
current vehicle posture angle 6v by, as a first control after
start-up, subtracting the road surface angle reference value
read out from the storage unit 108, from the total angle 0
obtained from the current output value of the inclination
sensor 116. Then, the adjustment instructing unit 1202 stores
the obtained vehicle posture angle 6v as a reference value in
the RAM 124. Further, the adjustment instructing unit 1202
generates an optical axis adjusting signal using the obtained
vehicle posture angle Ov. As a result, variation in the vehicle
posture angle 8v while the ignition switch 326 is turned off
can be incorporated into the reference value and the optical
axis 0o can be adjusted to a proper position. Therefore, it is
possible to improve the accuracy of the auto-leveling control.

Further, upon receiving the turn-on signal of the ignition
switch 326, the abnormality information generator 1212 of
the control unit 120 transmits the abnormality signal stored in
the storage unit 108 to an indicator or the like of the vehicle
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300 through the transmitter 122 when the abnormality infor-
mation is generated and stored during the turn off of the
ignition switch 326. In this way, it is possible to notify a driver
or a repair person or the like that abnormality occurs in the
vehicle speed sensor 312. The abnormality information gen-
erator 1212 may output the abnormality information in
response to a request from an external device including a
communication of the CAN system, etc.

FIG. 5 and FIG. 6 are flowcharts showing an example of the
auto-leveling control that is executed by the control ECU
according to the present embodiment. This flowchart is
started when the ignition switch 326 is turned on and thus
power is supplied to the control ECU 100 from the battery
328.

As shown in FIG. 5, first, the control ECU 100 reads out the
road surface angle reference value and the vehicle posture
angle reference value from the storage unit 108 when the
ignition switch 326 is shifted to the turn-on state (S101).
Subsequently, the control ECU 100 determines whether the
abnormality information is stored in the storage unit 108 or
not (8102). When the abnormality information is stored in the
storage unit 108 (Y in S102), the control ECU 100 outputs the
abnormality information to the indicator (S103).

Next, the control ECU 100 determines whether the vehicle
300 is parked or not (S104). When the abnormality informa-
tion is not stored in the storage unit 108 (N in S102), the
process proceeds to Step S104 without going through Step
S103. When the vehicle 300 is not parked (N in S104), the
control ECU 100 proceeds to Step S111 shown in FIG. 6.
When the vehicle 300 is parked (Y in S104), the control ECU
100 determines whether or not the vehicle 300 is travelling (N
in S104) in a previous parking determination in Step S104.
When the vehicle is travelling in the previous determination
(Y in S105), the control ECU 100 calculates the road surface
angle Or by subtracting the vehicle posture angle reference
value from the current total angle 6 (S106). Then, the control
ECU 100 updates the obtained road surface angle Or as a new
road surface angle reference value and stores the new road
surface angle reference value in the RAM 124 (S107). Then,
the control ECU 100 proceeds to S111. When the vehicle is
not travelling in the previous determination (N in S105), the
control ECU 100 calculates the vehicle posture angle 6v by
subtracting the road surface angle reference value from the
current total angle 6 (S108). Then, the control ECU 100
updates the obtained vehicle posture angle 6v as a new
vehicle posture angle reference value and stores the new
vehicle posture angle reference value in the RAM 124 (S109).
Further, the control ECU 100 executes a leveling control
using the obtained vehicle posture angle 6v or the vehicle
posture angle reference value (S110) and proceeds to S111.

In Step S111, the control ECU 100 determines whether or
not the ignition switch 326 is shifted to the turn-off state
(S111). When the ignition switch 326 is not shifted to the
turn-off state (N in S111), the control ECU 100 proceeds to
Step S104. When the ignition switch 326 is shifted to the
turn-off state (Y in S111), the control ECU 100 determines
whether the output value of the vehicle speed sensor 312
stored in the RAM 124 is greater than zero (that is a value
indicating the travel of the vehicle) or a value indicating
abnormality or whether the output value of the vehicle speed
sensor 312 within a predetermined time is not stored in the
RAM 124 (S112). When the ignition switch 326 is shifted to
the turn-off state, the supply of power to the control ECU 100
through the control power supply circuit 112 is maintained.
When the output value of the vehicle speed sensor 312 stored
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in the RAM 124 is zero (that is a value indicating the parking
of'the vehicle) (N in S112), the control ECU 100 proceeds to
Step S117.

When the output value of the vehicle speed sensor 312 is
greater than zero or a value indicating abnormality or whether
the output value of the vehicle speed sensor 312 within a
predetermined time is not stored in the RAM 124 (Y in S112),
the control ECU 100 additionally determines whether the
output value of the vehicle speed sensor 312 is a value indi-
cating abnormality or whether the output value of the vehicle
speed sensor 312 within a predetermined time is not stored in
the RAM 124 (S113). When the output value of the vehicle
speed sensor 312 is a value indicating abnormality or when
the output value of the vehicle speed sensor 312 within a
predetermined time is not stored in the RAM 124 (Y in S113),
the control ECU 100 generates abnormality information and
stores the generated abnormality information in the storage
unit 108 (S114). Then, the control ECU 100 proceeds to Step
S115. When the output value of the vehicle speed sensor 312
is not a value indicating abnormality and when the output
value of the vehicle speed sensor 312 within a predetermined
time is stored in the RAM 124 (N in S113), the control ECU
100 proceeds to Step S115 without going through Step S114.
In Step S115, the control ECU 100 determines whether a
predetermined time has lapsed (S115). When a predeter-
mined time has lapsed (Y S115), the control ECU 100 deter-
mines whether variation per unit time of the output value of
the inclination sensor 116 is equal to or less than a threshold
(S116). When the variation is equal to or less than a threshold
(Y in S116), the control ECU 100 proceeds to Step S117.
When a predetermined time has not lapsed (N in S115) and
the variation per unit time of the output value of the inclina-
tion sensor 116 is greater than a threshold (N in S116), the
control ECU 100 proceeds to Step S104.

In Step S117, the control ECU 100 executes a reference
value storage processing where the road surface angle refer-
ence value and the vehicle posture angle reference value,
which are stored in the RAM 124, are written in the storage
unit 108 (S117). When the road surface angle reference value
and the vehicle posture angle reference value are completely
written in the storage unit 108, the control ECU 100 stops the
supply of power to the control ECU 100 from the battery 328
(S118) and ends the present flow.

As described above, in the control ECU 100 as a vehicle
lamp control device according to the present embodiment,
upon receiving the turn-off signal of the ignition switch 326,
the control unit 120 executes the reference value storage
processing when the output value of the vehicle speed sensor
312 received before the turn-off of the switch is a value
indicating the stop of the vehicle 300. Further, when the
output value of the vehicle speed sensor 312 received before
the turn-off of the switch is a value indicating the travel of the
vehicle 300 or a value indicating the abnormality of the
vehicle speed sensor 312 or when the output value of the
vehicle speed sensor 312 at least within a predetermined time
is not received, the control unit 120 continues to execute the
processing during vehicle travel while delaying the reference
value storage processing. In this way, variation in the road
surface angle Or can be more accurately reflected to the road
surface angle reference value. As a result, it is possible to
improve the accuracy of the auto-leveling control of the
vehicle lamp.

The present invention is not limited to the above-described
embodiment and modifications such as various design
changes may be added to the above-described embodiment,
based on the knowledge of those skilled in the art. The
embodiments to which such modifications are added are also
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included in the scope of the present invention. New embodi-
ments obtained by combinations of the above-described
embodiment and the modifications include the effects of each
of the above-described embodiment and the modifications,
which are combined.

Although, in the above-described embodiment, an accel-
eration sensor has been used as the inclination sensor 116, the
inclination sensor 116 may include a gyro sensor (an angular
velocity sensor and an angular acceleration sensor) and a
geomagnetic sensor, etc. Further, although, in the above-
described embodiment, the inclination sensor 116 has been
provided inside the CPU 104, the inclination sensor 116 may
be provided outside the CPU 104, further, outside the control
ECU 100. In this case, similar to the CPU 104, the inclination
sensor 116 is preferably supplied with power from the battery
328 through the control power supply circuit 112 or supplied
with power directly from the battery 328 so that the supply of
power is maintained even after the turn-oft of the ignition
switch 326. Further, although, in the above-described
embodiment, the road surface angle reference value and the
vehicle posture angle reference value are stored in the storage
unit 108 in the reference value storage processing, at least
only the road surface angle reference value may be stored.

What is claimed is:

1. A vehicle lamp control device comprising:

areceiver configured to receive an output value of an incli-
nation sensor, an output value of a vehicle speed sensor
and a signal indicating turn-on/off of a switch of a power
supply configured to supply power to the control device,

wherein the inclination sensor is configured to derive a
total angle including a road surface angle and a vehicle
posture angle, and the total angle is an inclination angle
of'a vehicle to a horizontal plane, the road surface angle
is an inclination angle of a road surface to the horizontal
plane and the vehicle posture angle is an inclination
angle of the vehicle to the road surface;

a control unit configured to control an optical axis of a
vehicle lamp; and

a storage unit configured to store a road surface angle
reference value and a vehicle posture angle reference
value in a non-volatile manner,

wherein the control unit is configured to:

a) hold the road surface angle reference value and the
vehicle posture angle reference value in a volatile man-
ne,

b) generate an optical axis adjusting signal using the
vehicle posture angle, which is obtained from the total
angle and the held road surface angle reference value
and hold the obtained vehicle posture angle as a new
reference value, in response to variation in the total angle
during the stop of the vehicle;

¢) avoid generating or outputting the optical axis adjusting
signal or output an optical axis holding signal, and hold
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the road surface angle, which is obtained from the total
angle and the held vehicle posture angle reference value,
as a new reference value, in response to variation in the
total angle during travelling of the vehicle; and

d) in response to receiving the turn-oft signal of the switch,

d-1) when the output value of the vehicle speed sensor

received before the turn-off of the switch is a value
indicating the stop of the vehicle, write at least the road
surface angle reference value of the held road surface
angle reference value and the held vehicle posture angle
reference value in the storage unit, and

d-2) when the received output value of the vehicle speed

sensor is a value indicating the travel of the vehicle or a
value indicating abnormality of the vehicle speed sensor
or when the output value of the vehicle speed sensor is
not received at least within a predetermined time before
receiving the turn-off'signal, continue to execute the step
(c) while delaying the step (d-1).

2. The vehicle lamp control device according to claim 1,
wherein

in response to receiving the turn-off signal of the switch,

the control unit is further configured to determine
whether to execute or delay the step (d-1) based on the
output value of the inclination sensor, when the received
output value of the vehicle speed sensor is a value indi-
cating the travel of the vehicle or a value indicating
abnormality of the vehicle speed sensor or when the
output value of the vehicle speed sensor is not received at
least within a predetermined time before receiving the
turn-off signal.

3. The vehicle lamp control device according to claim 2,
wherein the control unit is further configured to execute the
step (d-1) when variation per unit time of the output value of
the inclination sensor is a threshold or less.

4. The vehicle lamp control device according to claim 1,
wherein

in response to receiving the turn-off signal of the switch,

the control unit is further configured to:

write, in the storage unit, abnormality information indicat-

ing abnormality of the vehicle speed sensor, when the
received output value of the vehicle speed sensor is a
value indicating abnormality of the vehicle speed sensor
or when the output value of the vehicle speed sensor is
not received at least within a predetermined time before
receiving the turn-off signal, and

output the abnormality information in response to receiv-

ing the turn-on signal of the switch or in response to a
request from an external device.

5. The vehicle lamp control device according to claim 1,
wherein the control unit is further configured to maintain the
supply of power from the power supply in the turn-off state of
the switch.



